INTRODUCTION
W e are interested in developing effective matrix metalloproteinase (MMP) inhibitors as activation of these enzymes have been associated with primary and metastatic tumor growth, angiogenesis, and pathological degradation of extracellular matrix components, such as collagen and laminin.
1,2 Several MMPs have been validated as targets in certain cancers (MMP-2, MMP-9, MT1-MMP), whereas others have been found to be host-beneficial and thus antitargets (MMP-3, MMP-8). 3 A general approach to the design of an inhibitor of metallo-proteases involves replacing a trigonal planar amide or ester bond of a substrate with a hydrolytically stable functional group possessing tetrahedral geometry in the original carbonyl position to mimic the intermediate formed during enzyme-catalyzed hydrolysis. The phosphinate functional group ( Figure 1 ) with its pair of electronically equivalent anionic oxygens (under physiological conditions) has emerged as an effective tetrahedral substitution motif in peptides leading to potent and selective transition state inhibitors of metalloproteases such as MMPs. [4] [5] [6] [7] Indeed, due to their growing medicinal relevance, a number of elegant strategies have been developed over the past few years for the synthesis of phosphinate dipeptides. Meldal and coworkers, Yiotakis et al., and Yokomatsu and coworkers reported the synthesis of different phosphinate dipeptide building blocks by using a procedure involving the Michael addition of variously protected aminomethyl phosphinic acids to an acrylic acid ester followed by protecting group manipulation to afford the desired product. 8 Using a creative variation of these methods, helical sequence, resulting in a construct, which exhibited potent and selective inhibition of MMP-2 and MMP-9.
7 However, this previously described synthetic route to 1a required a low yielding (35%) and problematic final step involving a Ru-catalyzed deprotection of an allyl ester.
In our continued studies of MMP inhibition involving this phosphinate dipeptide system, we required a more scaleable route to 1a. In this communication, we describe an efficient bis-deprotection strategy leading to the desired phosphinate dipeptide 1a and its Gly-Leu analog 1b.
DISCUSSION
Our general strategy for the synthesis of the Fmoc-protected phosphinic dipeptide 1 entails a Michael-type addition for the formation of the PÀ ÀC bond pioneered by Regan and Yiotakis and subsequently modified by Meldal and Hammer.
8-10 But our initial attempt of Michael-type addition of Fmoc-protected aminomethyl phosphinic acid and electron deficient acrylate was not successful. 8, 11 Thus, Cbz-protected aminomethyl phosphinic acid 3 was converted to its trivalent state by the action of HMDS and subsequently reacted with an a-isopropyl-a,b-unsaturated ester 12 to give product 4 in good yield (Scheme 1). However, as will be described subsequently, the Cbz group is very efficiently exchanged for Fmoc in the final step of the synthesis.
Phosphinic acid 3 was derived from aminomethyl phosphinate (2) (Scheme 1), which in turn was prepared from ammonium phosphinate using a previously described imine addition method. 10 Other reported methods for the synthesis of 2 were less satisfactory. 13 The main difficulty was in purifying highly polar fragment 2 especially on a preparative scale. The use of an ion-exchange resin described by Hammer and coworkers proved least problematic. 10, 14 A subsequent Cbz-protection of compound 2 followed by recrystallization from ethyl acetate/light petroleum ether 7b,15 gave highly pure fragment 3 in 65% yield. The adamantyl protection of 4 using AgNO 3 and AdBr failed in our hands to provide protected dipeptide 5 (Scheme 1).
8 However, esterification of 4 was achieved by treating the in situ generated phosphinic acid chloride with the sodium salt of adamantanol to give fully protected fragment 5a in 75% yield. 8b, 16 However, saponification of the ethyl ester unit of 5a by following a previously reported procedure 8 was unsuccessful in our hands and led to a complex reaction mixture along with a significant amount of Cbz deprotection of the starting dipeptide after prolonged reaction time. Others have also noted the requirement of long reaction times for similarly substituted esters. 17 This unsuccessful saponification led us to develop a new deprotection strategy. We reasoned that benzyl ester protection of the C-terminus would potentially allow for its removal under the same hydrogenation conditions required for unveiling of the amine. To test our hypothesis, we prepared benzyl ester fragment 7a (Scheme 2) following the same route as in the synthesis of 5a (Scheme 1). Catalytic hydrogenation of 7a with 5% Pd/C under hydrogen (atm. pressure) in the presence of Fmoc-OSu afforded desired pseudodipeptide 1a in good yields (Scheme 2). This one-pot reaction involved the simultaneous removal of the Cbz and benzyl protecting groups and reprotection of N-terminus with Fmoc. Optimal yields (>75%) were observed with a reaction time of 2 h, whereas prolonged exposure of the reaction mixture to hydrogenation resulted in partial Fmoc deprotection. Importantly, this method does not appear to be sensitive to the steric environment of the ester group. Following the same synthetic path as 5b, pseudo-Gly-Leu fragment 7b was also prepared and underwent efficient bis-deprotection and SCHEME 1 Attempted synthesis of Cbz-protected phosphinic dipeptide 6. SCHEME 2 Tandem bis-deprotection and Fmoc-amine formation leading to 1. Fmoc addition (at a scale of 0.5 mmol) to give 1b (Scheme 2). We note that products 7a and 7b were obtained as a 1:1 mixture of diastereomers, which were easily separable by silica gel flash chromatography.
CONCLUSIONS
In conclusion, we have developed an efficient and scaleable method for the synthesis of Fmoc-protected phosphinic analogs of Gly-Val and Gly-Leu. Our modified synthetic route involves a highly abbreviated protecting group manipulation procedure that further optimizes previous work on this fragment that has found compelling applications in MMP inhibition.
